Introduction {#Sec1}
============

When human beings encounter something new, they often seek to grasp its meaning and relevance by identifying similarities with better known phenomena. This so-called analogical reasoning is generally understood as a cognitive process in which knowledge from one domain, the source, is mapped onto a target \[[@CR1]\]. The existence of such analogical processes also makes sense from an evolutionary perspective: if a berry resembles the berry that killed my fellow human being, I better not eat it or I might die too \[[@CR2], [@CR3]\]. While this represents a relatively simple example of how analogy by means of visual likeness is employed to ensure human survival, things get more complicated when it comes to highly complex, far-reaching, and---from a lay person's perspective---invisible new technological and scientific developments such as nanotechnology.[1](#Fn1){ref-type="fn"} A definitive judgement about whether nanotechnology might nourish humanity and the planet or rather entail potential risks and unexpected implications is therefore much harder to attain. In the meantime, humanity has not only developed powerful technologies but also elaborated procedures and measurement instruments for scientific risk assessment that seek to estimate, anticipate, and weigh their benefits and risks. From the late 1980s onwards, such natural scientific assessments have been enriched by explorations of the ethical, legal and social aspects (ELSA) of new technologies, leading up to the current wave of activities under the rubric of responsible research and innovation (RRI). These scholarly movements seek to produce a different kind of anticipatory knowledge by stimulating scientific and non-scientific actors to reflect on the role of newly emerging science and technology in society. Hence, current approaches in RRI are less restricted to mapping and assessing impacts but more interested in fostering early collaboration and reflexivity among stakeholders in research and development processes \[[@CR4]\]. While these processes have become more and more sophisticated, the involved actors---regardless of whether they are scientists, policy makers or "lay" citizens---are still very much analogical animals in the sense that they rely on analogies when thinking and debating about emerging technological developments.

An overview of the literature confirms the ongoing relevance of analogical thinking in science and technology contexts over the past decades. Bioethicists have explored the relevance and limits of specific analogies in debates on emerging bio- and nanotechnology \[[@CR5]--[@CR8]\]. Philosophers of science and science and technology studies (STS) scholars have carved out the innovation potential of analogies and metaphors[2](#Fn2){ref-type="fn"} in scientific knowledge production, where they contribute to conceptual change by making whole epistemic communities think of a phenomenon from a novel perspective \[[@CR9]--[@CR15]\]. Research on mental models has revealed that analogical reasoning is likewise an important heuristic for lay people making sense of technological systems and their underlying scientific concepts \[[@CR16]--[@CR18]\]. More recently, studies on public engagement with science and technology have highlighted that analogies are central devices for understanding and assessing emerging technologies in dialogue settings \[[@CR19]--[@CR25]\]. Media studies show that analogies and metaphors assist journalists in communicating complex scientific issues and concepts to a broader public \[[@CR26]--[@CR29]\]. Similarly, analogies represent essential tools in science education to convey abstract scientific concepts \[[@CR30]--[@CR32]\].[3](#Fn3){ref-type="fn"} This vast number of studies clearly demonstrates that analogical processes deserve and are also getting close attention in fields analysing the production, communication, and societal negotiation of technoscientific knowledge.

Yet this existing research suffers from two main shortcomings. First, the current body of work on stakeholder and public dialogue exercises hints at the relevance of analogies in these contexts, but it does not address explicitly how the power of analogies can be harnessed to explore and anticipate the development and societal implications of emerging technologies. To fill this gap, the first part of this article develops the concept of analogical imagination and thus points to an important but hitherto largely undervalued capacity among those who are involved in public and policy debates on emerging technologies. This section addresses primarily those researchers and actors who have come to play an active role in shaping technology governance as facilitators of stakeholder debates and public dialogue events in recent years. As will be argued, analogies can be important resources to guide and enrich such processes for a variety of reasons. Second, the majority of the literature mentioned above follows a cognitive paradigm that conceives of analogies as sense-making tools \[[@CR35], [@CR36]\] and thereby sidelines their argumentative and persuasive role in societal and academic debates about emerging technologies \[[@CR37]\]. To balance this rather one-dimensional cognitive perspective, the article carves out an alternative rhetorical lens that allows to perceive the framing and persuading purposes of analogical arguments. This section hence adds an analytical dimension to the first, normative argument---it can also be seen as pointing to the other, darker side of analogical imagination: namely to the fact that imagination is always already imbued with specific interests and framings. The subsequent section, then, reflects on what makes analogies persuasive and in particular what I call the power of "the shared". Although the basis and scope of this article is mainly conceptual, it also includes exemplary cases from the area of nanotechnology to demonstrate the empirical viability of the approach. Finally, I draw the main argumentative strands together and propose that developing analogical imagination and enhancing actors' analogical sensibility for rhetorical effects can contribute to and strengthen the current normative commitment towards RRI in Europe and beyond.

Analogical Imagination: Stimulating Exploration and Anticipation {#Sec2}
================================================================

In this first section, I seek to capture the power of analogies for stimulating deliberation on the social aspects and the anticipation of the future trajectories of emerging technologies with the concept of "analogical imagination". Imagination is a complex, multifaceted concept with a long history in human thought \[[@CR38]\]. For the purpose of this article, I define imagination with recourse to Paul Ricoeur as the power of the possible that can assist in teasing out the potentialities of reality \[[@CR39], [@CR40]\]. The aim of this section is to develop a conception of how harnessing analogical imagination can contribute to collective exploration and anticipation processes.

Analogical Exploration: Accounting for Context, Process, and Innovation {#Sec3}
-----------------------------------------------------------------------

The term analogical imagination first of all highlights that via the construction of analogies, the various characteristics and possible implications of a new technology can be explored. More specifically, analogical imagination helps to understand the relation of new and emerging technologies to other technologies or cases, because drawing analogies allows us to "come to know something about that object case over and above its existence as an allegedly isolated occurrence" (Smith 2002 \[[@CR41]\]: 246). Thus, it assists in situating a new technology in a specific historical and sociotechnical context. Such contextualisation is not to be understood as a one-way mapping from one domain onto another, as argued by proponents of the mental models approach \[[@CR1]\], but rather as a continuous, interactive making of relations between different cases. The conceptual interaction between cases should better be conceived of as symmetrical, which means that both the source and the target are co-created in the analogical process.[4](#Fn4){ref-type="fn"} From such a perspective, the main goal of analogical imagination lies not in gaining particular results but in the process itself because it stimulates imagination beyond the isolated case and helps to develop a contextual understanding. This conceptualisation has two benefits.

First, it accounts for the fact that drawing just one analogy does not suffice to grasp all relevant dimensions of new technoscientific fields. This is particularly true for nanotechnology, which represents not one homogenous technological field but rather acts as a placeholder for a broad range of technologies with potential applications in diverse areas. In contrast to frameworks such as the mental models approach, which consider inconsistencies between multiple models or analogies as problematic \[[@CR35], [@CR36]\], the framework of analogical imagination regards "inconsistencies" as expression of the complexity of the issue and its different dimensions \[[@CR43]\]. Building multiple---also contradicting---analogies then does not signify inability but imaginative ability.

Second, analogical imagination regards analogies as situationally constructed for specific purposes and hence refrains from treating analogies as stable, immutable objects. This conception focuses on their flexible and temporary character, thus moving beyond an understanding of analogies as single, robust and completed entities, seeing them as necessarily multiple, unstable and incomplete. Against this background, rather than trying to establish one robust or perfect analogy, the creation of an ongoing dialogue about analogies as a means to identify a variety of relevant issues represents a more productive and realistic approach. This entails an understanding of analogical imagination not as something belonging to individual minds, but as being accomplished discursively in specific social settings, where analogies emerge out of collective thinking and negotiating processes.

This conception of analogical imagination is to some extent already actualised in engagement settings into which members of the general public and other societal stakeholders are invited to deliberate on nanotechnology and other emerging technologies. Exploration via analogical imagination takes place frequently in such dialogue-oriented contexts by itself \[[@CR19]--[@CR25], [@CR37], [@CR44]\], as participants naturally draw multiple analogies in order to explore the topic. To illustrate this point, Table [1](#Tab1){ref-type="table"} gives an overview of the central analogies that emerged in a public engagement setting on nanofood in the Austrian context \[[@CR44], [@CR45]\].[5](#Fn5){ref-type="fn"} This brief overview (in chronological order, lines in the transcript and speakers have been omitted for simplicity reasons) shows how a diverse set of analogies enabled the group to address a broad variety of issues ranging from potential risks and regulatory possibilities to the societal acceptance/rejection of nanofood. It also shows that the case of genetically modified (GM) food served as a prominent analogical source in the discussion of nanofood. But rather than encountering one GM-nano analogy, each time GM and nanotechnology are compared, a different analogy with a specific, contextual meaning emerges.Table 1Analogies in a public engagement setting on nanofoodAnalogy withIssueLine of discussion and argumentationNuclear energyMistrust in expert opinionsReference to the debate about nuclear energy in the 1970s and how experts made inconsistent predictions concerning the decomposition of radioactive materialGM foodConsumer sovereigntyCritique of how genetically modified (GM) foods were sold ("it is good for you"); argument that such promises would also not be acceptable with nanotechnologyAsbestosRisk anticipation and regulationLong-term consequences were unknown with asbestos and it could be similar with nanotechnology; demands for regulationMedicineRegulationNanotechnology should be as strictly regulated as medicineGM foodIndustry benefitsComparison with GM food to argue that only producers will benefit from nanotechnologyFunctional foodSocietal acceptanceNot only discussion of potential consumer benefits of nanofood but also questioning of the promised benefits as "just marketing"; the analogy also suggested that nanofood might sell as well as existing functional food productsGM foodSocietal acceptance and labellingIf nanofood were labelled like GM food, it would not be accepted by consumersMobile phonesRisk anticipation and societal acceptanceWith certain new technologies (mobile phones), long-term risks are not properly studied; distinction between nanotechnological domains: in some (e.g. electronics), nanotechnology is more acceptable than in others (e.g. food)X-raysHypes and risk anticipationX-rays as an example for a new technology that was hyped and entailed collateral damageGM foodLabelling and regulationGM food labelling shows that regulation has flaws; if it were analogous with nanotechnology, regulation would be meaninglessGM foodSocietal rejectionThe GM food case illustrates the possibility of a similar societal rejection of nanofood

Third, analogical exploration in the above sense can provide innovative perspectives and not simply perpetuates or reproduces what is already known, as some suggest \[[@CR47], [@CR48]\]. To explicate the productive character of analogical imagination, I draw on Paul Ricoeur's unpublished "Lectures on Imagination", in which he distinguishes between reproductive and productive imagination \[[@CR49]\]. Ricoeur argues that reproductive imagination relies on the mode of original and copy. Understanding analogies as transferring all features of a source onto a target in a copy-paste manner would count as reproduction, but this would arise from an overly narrow definition of analogical processes as being only about categorisation---the drawing of similarities. In reality, particularisation \[[@CR50]\]---the drawing of distinctions or disanalogies---is always co-present in analogical processes as people hardly ever take the whole case but merely aspects of it as the basis for analogy-making (see Table [1](#Tab1){ref-type="table"}). The problem thus disappears when differences remain acknowledged and the specificities of a new technology are not lost. Analogies hence rather resemble Ricoeur's understanding of productive imagination. This type of imagination offers new descriptions of reality and finds its expression in utopian fiction as well as in epistemological and poetic imagination. Epistemological imagination produces new models of reality in science, and metaphor represents the main vehicle of productive imagination in poetry. Analogical imagination is a central element in both of these modes of productive imagination, because analogies are often at the core of new scientific paradigms \[[@CR11]\] and metaphors are rooted in analogy \[[@CR1]\]. Productive imagination does not come from nowhere; it is rooted in existing knowledge while simultaneously transforming it. In order to stay connected and meaningful to the present, imagination must "draw from existing reality sufficiently so that its productive distance is not too great" (Taylor 2006 \[[@CR49]\]: 98). Thus, drawing on existing cases does not automatically lead to continuing what is known but rather is a prerequisite for combining knowledge in new ways. Like any form of meaning-generation, analogical imagination opens up moments for innovation/change or stabilisation/reproduction, depending on the elements that are brought together. I would further argue that an analogy can count as innovative or productive when it destabilises and transgresses entrenched ways of seeing and understanding (aspects of) the world. Working out new or less obvious similarities can thus draw attention to areas and issues that have been hitherto overlooked.

Anticipation via Analogy: the Power of Retrospective Prospection {#Sec4}
----------------------------------------------------------------

Imagination can be directed into different temporal directions: it connects an understanding of what is with what could be or has been, thereby always trying to move beyond the perceptual present, the here-and-the now. Thinking back to something in the past is always a way of imagining, just like it is to think of future possibilities. Recently, the notion of imagination has gained relevance in academic debates on emerging technologies mainly due to its prospective dimension, where it is thus often equated with anticipation. In this context, anticipation is considered to be a central capacity for envisioning potential safety, ethical, social or legal implications of relevance for the governance of emerging technologies \[[@CR51]\]. As evident in Table [1](#Tab1){ref-type="table"}, most analogies in this specific dialogue setting were anticipatory, that is, they did not establish how nanotechnology is but how it could potentially be or become like. With the turn to upstream engagement \[[@CR52]--[@CR54]\], facilitators of such dialogue processes have been confronted with the challenge as to how to stimulate anticipatory imagination at an early stage of development, when a technology is still in the making. One widespread approach to tackling this challenge has been to use scenarios, envisioned future applications and science or morality fiction to encourage anticipation among stakeholders and members of the public \[[@CR55]--[@CR62]\]. In the following, I put forward three reasons for why analogical imagination can work as a valuable counterbalancing force to such future-oriented tools in debates about nanotechnology and other emerging technologies.

First, facilitators of engagement processes should prevent discussions from drifting off into extreme futuristic scenarios and mere speculation \[[@CR63]\], which often reproduces rather than critically scrutinises the promissory scientific and policy discourse accompanying emerging technologies. In order to avoid such tendencies, participants can be prompted to think back to how society has responded to previous technologies and the consequences these responses entailed. Here, analogies can unfold their retrospective-prospective power. In contrast to scenarios or science fiction, which can be developed without explicitly drawing on past experiences and cases, analogical imagination intrinsically incorporates such a retrospective dimension if the sources are stemming from actual occurrences (the exception would be analogies with fictional examples). In this sense, analogies work similarly to what Brown and Michael \[[@CR64]\] call "prospecting retrospects"; a notion coined to describe how people use memories of once imagined sociotechnical futures---in particular with regard to their promises and (un)fulfilment---to construct new futures. By bringing this retrospective element to the fore, analogies can act as powerful resources in anticipatory processes and should be seen as complementary to more future-oriented devices such as scenarios or visions. Anticipatory analogies ground discussions about emerging technologies in a historical continuum, while still stimulating prospective imagination in upstream debates.

Second, it is through analogical imagination that actors can draw lessons from the past for the future \[[@CR65]--[@CR67]\], which is simply not possible by only looking at the future. Despite the fact that previous technologies are never tailor-made analogical sources for new technologies, they can still supply important learning experiences that can be used for enhancing anticipatory capacities, especially with regard to governance processes \[[@CR7], [@CR68], [@CR69]\]. Again, this does not imply to do what has always been done and eschew from developing new regulatory frameworks but to stay open to past cases and experiences because meaningful decision-making needs to build on existing traditions, precedent cases and culturally established norms and values \[[@CR70]\].

The third reason speaking for the retrospective-prospective potential of analogies relates to the debate about whether nanotechnology generates new ethical and social issues, and hence the existence of a separate field of "nanoethics" is justified \[[@CR71], [@CR72]\]. While it is certainly important to pay attention to the novel dimensions of new technologies, newness should not be the only or decisive aspect in debates and reflections on nanotechnology. If we solely focus on novelty, we run the risk of disregarding issues that are not new but nevertheless still relevant \[[@CR73], [@CR74]\]. Analogical imagination thus represents one way to counteract newness-centeredness, because it indicates which issues re-emerge or remain salient with nanotechnology and other emerging technologies. As Table [1](#Tab1){ref-type="table"} indicates, the issues that appear via analogies are drawn from past experiences but they are still considered relevant for members of the public, which is why they should likewise continue to play a role in political and academic debates.

Analogical Arguments: Analysing the Power of Framing and Persuasion {#Sec5}
===================================================================

After having made the case for the benefits of stimulating analogical imagination in societal debates about emerging technologies, I now turn to a more analytical perspective. What is missing in current frameworks is a clear conceptualisation of analogies' double-edged character: namely that they not only are productive means of enhancing imagination but also represent a limiting force by restricting imagination. Assuming that debates about emerging technologies are merely about stimulating imagination would ignore that people have agendas that go beyond leading a rational or deliberative discussion. Imagination is never neutral but includes a specific framing of the world \[[@CR37]\]. For this reason, analogical arguments represent the other side of analogical imagination. This section aims to foreground that when analogies are mobilised in debates, they are employed as powerful argumentative devices to construct persuasive versions of the world, while pushing aside other possible versions. This is generally not made explicit and reflected upon in contemporary analyses of the role of analogies in science and technology contexts---especially when social scientists and humanists have to fulfil dual roles as facilitators and analysts. By stimulating deliberation in stakeholder and public engagement, the imaginative dimension of analogies (see above) ultimately becomes overemphasised. The rhetorical lens presented in the following allows to bring the neglected framing and persuasive dimension back into view.

Following Potter (1996 \[[@CR75]\]: 33), I understand "rhetoric as discourse used to bolster particular versions of the world and to protect them from criticism". This definition highlights that rhetorical discourse creates versions of reality---it is constitutive---and it stresses the strategic role of rhetoric in defending one version over others---it is argumentative and hence aims to persuade. Seen through this lens, analogies create specific understandings of reality by establishing similarities and simultaneously shielding them against potential counter-arguments. This perspective is closely connected to studies on framing effects. The term "framing" is generally employed to refer to how a social situation is understood \[[@CR76]\], and experiences are turned into meaningful narratives \[[@CR77]--[@CR80]\]. Research on framing acknowledges the key role of analogies and metaphors, among other devices, in the construction of frames \[[@CR81]--[@CR83]\]. Similarly, analogies can be understood as central resources in the construction, stabilisation or undermining of sociotechnical imaginaries \[[@CR69], [@CR84], [@CR85]\].

From the above follows that anticipatory analogies \[[@CR37]\] are not mere prospective tools but likewise work to present certain future scenarios as more plausible than others. Scholarship in the Sociology of Expectations tradition has highlighted the performative role of expectations and promises in research and development processes, especially the effect of future-oriented rhetoric on the present \[[@CR64], [@CR86]\]. Analogies are crucial resources for underpinning expectations and promises, as different social groups make use of different analogies to mobilise for their preferred version of the future. Since analogies primarily actualise their persuasive power in the early stages of a political debate \[[@CR87]\] or technological development, when people have not yet developed an opinion and pathways can still be shaped, it is especially relevant to pay attention to their framing character during this period. Once established and accepted, analogies have already ordered knowledge, formed our conception and anticipation of reality and influenced the way people position themselves and act towards new technologies \[[@CR88]\].

Analogies hence need to be approached as strategic devices. Struggles or agreement over analogies can inform us about what is considered to be a relevant or disputed frame of comparison, in other words, what should count as a relevant type of similarity, which in turn brings more latent values, concerns and interests to the fore. In arguing about their analogies, people argue about much more than merely what counts as a valid comparison. Changing the frame of comparison is an effective way to shift attention away from one set of values to another. Controversies about analogies thus represent an ideal entry point for analysing underlying values, visions and social dynamics in societal debates about emerging technologies.

Tracing Analogical Arguments: Examples from Nanotechnology {#Sec6}
----------------------------------------------------------

In the following, I apply the rhetorical lens to four cases from the field of nanotechnology to exemplify how it can be used to trace and interpret the power of analogical arguments. The cases are presented in chronological order of their appearance in the debate about nanotechnology, thus also allowing to identify a shift in the overall discourse and the role of specific analogies in it.In the early 2000s, nanotechnology emerged as a new and promising field of research and development in the technopolitical arenas of Western nation states. During this period, scientists and political actors drew various analogies between nanotechnology and previous culturally influential technological developments to highlight its potential impact and mobilise for nanospecific funding initiatives. For example, the foundational report for the National Nanotechnology Initiative of the USA anticipated via analogy that "the effects of nanotechnology on the health, wealth, and lives of people could be at least as significant as the combined influences of microelectronics, medical imaging, computer-aided engineering, and man-made polymers developed in this century" (National Science and Technology Council et al. 2000 \[[@CR89]\]: 13). Although this passage starts out like a mere vision ("could"), the way it expects nanotechnology to excel the combined impact of four preceding technological developments conveys an implicit certainty about nanotechnology's even higher potential. A similar phrasing can be found in a policy document from the Austrian Council for Research and Technology Development, which was published 2 years after the US report and sought to promote a nanospecific funding programme, the Austrian Nano Initiative. It imagined and framed nanotechnology as a "promising future technology with an enormous application potential in many industrial sectors and areas of life \[which\] could have a similarly strong impact on our civilization as did information and communication technologies over the last decade" (Rat für Forschung und Technologieentwicklung 2002 \[[@CR90]\]: 1). In contrast to the US imagination, the Austrian expectation appears more modest, because it just compares nanotechnology's potential to that of information and communication technologies. Nonetheless, both examples demonstrate that parallels with other influential technologies are drawn to generate excitement for nanotechnology, legitimise funding initiatives and hence are clearly invoked for persuasive purposes. Such analogical arguments underpinning promissory technoscientific futures can often be encountered in the early stages of debates about emerging technologies, and they clearly indicate that a specific version of reality is promoted.The asbestos-nano analogy \[[@CR91]\] surfaced a few years after the initial promissory analogies in the scientific, policy and media discourse on nanotechnology. By foregrounding material similarities between carbon nanotubes and asbestos fibres, the analogy suggests that nanoparticles could turn out equally harmful in the future. Although the asbestos-nano analogy did not build on existing scientific evidence, the mere argument for possibility again provided a sufficient argumentative basis for the examination of the health and environmental effects of nanoparticles \[[@CR73]\]. It can thus be not only interpreted as a prevention-oriented pointer for regulators to learn from past mistakes, but it also allowed to channel the debate about nanotechnology in terms of safety, health and environmental risks that can be examined by natural sciences such as (eco-)toxicology. References to past cases such as asbestos and CFC, where at first promissory materials turned out problematic in the long turn, were employed by central scientific figures to argue (successfully) for more risk research on nanoparticles and the funding of (eco-)toxicological research \[[@CR92]\]. At the same time, however, the prominence of asbestos and other risk-foregrounding analogies in political and public debates on nanotechnology also elucidates a narrowing of the debate on risk rather than innovation governance \[[@CR93]\]. Whereas the former frames nanotechnology merely in terms of its safety, health and environmental impacts,[6](#Fn6){ref-type="fn"} the latter is also interested in questions about its ethical and societal dimensions as well as the broader sociotechnical visions and innovation models it enacts.The genetically modified organism (GMO)-nano analogy appeared almost simultaneously with the asbestos analogy around 2003, when scholars and policy makers began to consider nanotechnology against the backdrop of public controversies over GMOs in Europe \[[@CR7], [@CR8], [@CR95]\].[7](#Fn7){ref-type="fn"} On the European policy level, the public backlash against green biotechnology was framed as a political failure that should not be repeated with nanotechnology. The need to learn from the GM debate in order to avoid a similar public controversy was hence palpable in conferences and policy papers \[[@CR96], [@CR97]\] as well as in pamphlets by social scientists \[[@CR98], [@CR99]\]: "the GM experience represents a warning, a cautionary tale of how not to allay public concern. Avoiding nanotechnology becoming 'the next GM' is seen as critical to the public acceptability of applications in the field" (Kearnes et al. 2006 \[[@CR99]\]: 15). The GMO-nano analogy was hence employed to encourage and legitimise attempts to respond to potentially negative public reactions in a proactive manner. It entailed specific policy actions and played a key role in establishing public engagement and communication initiatives as well as social scientific research into nanotechnology's ethical and social dimensions, especially in the USA and Europe \[[@CR7], [@CR100], [@CR101]\]. Although the GMO-nano analogy also comes up frequently in public engagement settings among lay participants \[[@CR19], [@CR20], [@CR37], [@CR69]\], the way it is constructed there (see also Table [1](#Tab1){ref-type="table"}) runs counter to its use in policy contexts. The GMO analogy is commonly established in public engagement when people discuss applications (such as nanofood) that seem to hold hardly any benefits for consumers or citizens \[[@CR102]\]. Lay people tend to frame the GMO opposition movement in a positive way, that is, it is drawn upon as a successful template for how civil society can influence technological trajectories and resist specific innovations against powerful political and industrial interests \[[@CR69]\]. Rather than being spaces where public acceptance is produced, public engagement settings are thereby re-framed as spaces where existing power relations and top-down governance approaches are challenged. This is achieved, among other means, by re-imagining analogies that already exist in the policy arena and thus creating an alternative framing.The last case illustrates the rhetorical use of analogies with material from a podium discussion at a "Young Researcher Symposium" in Vienna, Austria. This 1-day event was held in 2012 and marked the closing of a project that engaged students around the age of 17 years in reflecting on the risks and benefits of nanotechnology. The podium discussion was composed of several students, who had participated in the project, and stakeholder representatives, among them a politician from the Austrian Ministry of Life, a spokesperson from a consumer protection organisation and an industry representative from the Austrian Chamber of Commerce. Excerpt 1 below reveals how the different stakeholders used analogies right at the beginning of debate to achieve specific persuasive effects and foster their agendas.

Excerpt 1[8](#Fn8){ref-type="fn"} {#Sec7}
---------------------------------

Moderator: To what extent is the fascination with nano comparable to the fascination with radioactivity back in the day?Politician: That's an interesting analogy because last year we had Marie Curie year. But you can't compare it with nano, because nano's portfolio is much larger and the societal assessment much better. Its applications are already quite concrete, so that we can grasp the fascination better.Consumer representative: The comparison is not quite fitting. Radioactivity has a clear effect, nano has a lot of different effects, a much larger spectrum, which however is also the problem with nano. Another comparison would be with asbestos because the fibres are similar. It was already observed around 1900 that asbestos causes lung disease, but it was not banned by law until 1990. We need to do research on the negative effects of nano to guarantee its responsible introduction.A female student: I agree with the consumer representative. Back then with radioactivity everything was new and what do they do now with nano? It's also a new technology that is not fully researched and we already use it! The comparison can be made. We have to be careful. I would be really careful.Industry representative: This analogy is misleading. We are now much more advanced with risk anticipation. In the area of food, nano has been used since the 1960s. Nano is nothing new, we have been using it for long now. Of course you have to do risk assessment, but to just say that a product with nano is dangerous would be wrong.A male student: You can compare it because the fascination is similar. Radioactivity was also en vogue back then. It's true, it has been used since the 19th century, but there's still work to do until you can say it's okay.Another male student: If you think about thalidomide---and with nano the examination is still missing. We will hit on it 20 years later.Industry representative: Yes and no. A lot of products pass through long processes, for instance medicine and cosmetics. There's precise risk assessment, it's not true that industry doesn't take responsibility.Politician: Thalidomide is a great example because we really learned a lot since then. We've tried to improve the licensing systems and to handle our non-knowledge. Also with CFC we were so happy with its properties. All we can do is to make our systems better. We can't guarantee that something like thalidomide won't happen again.

In turn 1, the moderator puts an analogy with radioactivity up for debate, which suggests a similar societal "fascination" attending both the introduction of radioactivity and nanotechnology. The debate immediately takes off as different viewpoints are articulated with regard to the analogy, leading also to the construction of other analogies as the adequacy of the radioactivity analogy is challenged and defended. The students and the consumer representative use analogies with radioactivity, asbestos and thalidomide to highlight the potential health threats nanotechnology could pose and to demand better risk assessment. Although they do not address the industry representative and politician directly, the fact that these two stakeholder representatives react with defence strategies clearly indicates that they feel responsible for the safe development of nanotechnology. In turn 5, the industry representative tries to appease risk concerns by arguing that nanotechnology is not fundamentally new.[9](#Fn9){ref-type="fn"} The politician in turn 9, like the industry representative in turn 8, seeks to regain public trust by highlighting that state regulators have learned from past failures in risk assessment. However, he also stresses that politicians cannot be blamed if nanotechnology turns out problematic in the long term, because there exists no absolute certainty that "something like thalidomide" will never occur again. The debate in Excerpt 1 nicely shows that analogies invoking shared technohistorical knowledge can provide fruitful starting points for stimulating debate about a new technology, but likewise that analogies are used rhetorically because stakeholders construct and judge analogies from their specific standpoint. They formulate their analogical arguments to present nanotechnology in a specific light, to communicate their hopes and concerns and to attribute and fend off responsibility.[10](#Fn10){ref-type="fn"}

All four cases demonstrate that a framing-sensitive, rhetorical perspective allows to capture that analogies are never simply drawn to learn from the past for mere imaginative reasons \[[@CR67]\] but that they are constructed for specific purposes and are used to legitimate funding policies, engagement initiatives and other communication activities, as well as governance and regulatory approaches \[[@CR47], [@CR105]\]. Attending to the argumentative and persuasive features of analogies hence inescapably brings power structures and struggles over authority into view. Attempts to introduce or change the dominant analogies are tied to actor interests and their specific vision of what nanotechnology might entail for society.

The Power Behind Persuasive Analogies {#Sec8}
=====================================

The first three case studies above represent examples of analogies that involved observable real-world consequences such as the establishing of multimillion dollar and euro funding programs, academic institutes, projects dedicated to risk and social scientific research and public engagement exercises. A relevant question is thus what makes analogies persuasive (i.e. being accepted as being "true") and hence represents a prerequisite for making them performative (i.e. having perceivable, material effects).

Analogies do not meet the standards of absolute proof, that is, there exists no logical rationale why two phenomena must be the same, work in the same manner or have the same consequences just because they share some characteristics \[[@CR106]\]. What makes analogies apt for rhetorical investigation is thus precisely that their persuasiveness does neither rely on logical validity nor upon empirical or scientific evidence \[[@CR107]\]. Although some may hold on to the idea that the value of an analogy can be judged by criteria such as whether the compared aspects are of relevance, dissimilarities annihilate the similarities, and parallels are sufficient to support the conclusion \[[@CR108]\]; these criteria do not sufficiently explain how and why some analogies manage to become accepted, while others fail to accomplish this effect. One step towards an explanation is to acknowledge that social, political and cultural factors contribute to their persuasiveness. Some analogies might simply be persuasive due to the credibility and societal status of their enunciators. When people engage with a new technology, these engagements are always "socially mediated in the sense that judgments of trust will have to be made regarding whose analogies, metaphors, and so on are credible" (Michael and Brown 2004 \[[@CR23]\]: 381). The persuasive power of an analogy hence also depends on the power and trustworthiness of the people who push the analogy. Consider the promissory analogies in the policy documents above, where analogies are constructed by already powerful actors to legitimise political actions.

A second key factor contributing to analogies' persuasiveness is what I call the power of "the shared". Analogies enact this power by evoking widely shared interpretations in their audiences. Rhetorical accounts of metaphor and analogy emphasise that speakers and listeners need to share a "system of associated commonplaces" \[[@CR42]\] to guarantee successful communication. The term "commonplace" also alludes to the necessity of commonplace-specific knowledge underlying effective analogies, because a commonplace is literally a shared geographical space. Thus, persuasive analogies are often built from a common knowledge source with which both speakers and audience are familiar. As the four cases from the nanofield above demonstrate, analogical sources tend to represent technologies and materials whose impacts are known widely, sometimes even globally. Events with a global media coverage hence represent unique source material for the construction of analogical arguments or broader sociotechnical imaginaries \[[@CR85]\]. However, at the same time, national context also matters for how these sources are interpreted. While the risks of technologies such as nuclear energy may transgress national borders and supranational organisations may hold a certain power in shaping governance frameworks, the societal debate and regulation of emerging technologies is still to a large extent a national governance issue. For instance, in public engagement settings where people of heterogeneous backgrounds meet, who might not share more than residence in the same geographical area, knowledge of a shared national technopolitical history is particularly relevant. Participants in such engagement settings frequently draw on nation-specific knowledge by means of analogy to imagine, convey and defend their visions of new technologies \[[@CR20], [@CR69], [@CR84], [@CR109], [@CR110]\]. Regardless of whether events are global, national or local in scope, in order to function as persuasive analogical sources, they need to be part of the collective cultural repertoire of a group and ideally entail a widely shared meaning.

By conjuring up such shared interpretations of previous experiences, analogies can influence how people attach meaning to a new scientific or technological field. Thus, analogies frame by evoking shared interpretations or framings. A transference of framings will be particularly persuasive when a frame is attached to a master frame or an archetypical story that is based on long-standing cultural interpretations and narrations about how societies deal with emerging technologies \[[@CR69], [@CR111]\]. Analytically, a focus on analogies can thus serve as an avenue to examine "culturally specific, historically and politically grounded, public knowledge-ways" or "civic epistemologies" (Jasanoff 2005 \[[@CR79]\]: 254), which form the basis for what counts as trustworthy argument or evidence in a specific cultural or national context. Such a perspective assists in understanding divergences in governance approaches and public opinions with regard to emerging technologies and the role that analogies play in stabilising existing framings. In contrast to other resources such as expert knowledge, personal experience or science fiction \[[@CR20]\], which may not be shared by the majority in a national context, analogical references to cases taken from technopolitical history are based on a more widely shared cultural knowledge base and hence will generate a more persuasive force.

Discussion and Conclusion {#Sec9}
=========================

The aim of this article was twofold. First, it sought to lay out a novel perspective for utilising the imaginative power of analogies in societal debates about emerging technologies, especially in those contexts that currently go by the name of public and stakeholder engagement. To highlight the explorative and anticipatory potential of analogical processes, the concept of *analogical imagination* was developed. A commitment to analogical imagination demands that we do not succumb to the idea that one single analogy can or should guide debates or policy-making \[[@CR8], [@CR105]\], but that the power of analogies lies in generating open-ended, explorative discourse. Analogical imagination in this sense is akin to a mode of deliberation, which is characterised by a swinging back and forth between different analogies. In engagement contexts, this would mean to encourage participants to construct multiple analogies and test them out in an experimental manner. This flexible stance stands in contrast to the determined advocate who has already decided upon an analogy or argument to be endorsed and defended (cp. Billig 1987 \[[@CR50]\]: 156). Thus, using analogical imagination may be one possible avenue to avoid or break up polarised positions in societal debates about emerging technologies. To use analogical imagination as such, a productive force means to engage in carving out dissimilarities, constructing alternative analogies and in creating an awareness for what analogies do. This also implies to eschew simplistic assumptions of analogies as merely being sense-making and imaginative tools.

To gain an understanding of what analogies (are meant to) do, the second aim of the article was to present a rhetorical lens through which framing and persuasive effects become visible. This lens should not be seen as optional but necessarily complementary to gain a more complete picture of what analogies are used for. Coming back to the berry example from the beginning, there is something at stake when people draw analogies. The fact that analogies are powerful devices in constructing views of reality and legitimising actions calls for a finely tuned *analogical sensibility*. I conceptualise analogical sensibility as the outcome of detailed analyses and reflexive practices that excavate implicit framings and attempts to persuade. By tracing analogies and counter-analogies from a rhetorical perspective, as was exemplified with the four nanocases, the argumentative topography that co-emerges in debates around emerging technologies can become visible and provide the basis for a deeper reflection of the different forces that seek to steer their development in a given society.

Both the practical fostering of analogical imagination in debates and the development of analogical sensibility via analysis and reflection can contribute to efforts towards *responsible research and innovation* (RRI) \[[@CR112]\]. By opening up research and innovation processes to society and diverse stakeholders, RRI aims to make research and innovation activities more "transparent, interactive process by which societal actors and innovators become mutually responsive to each other with a view on the (ethical) acceptability, sustainability and societal desirability of the innovation process and its marketable products" (Von Schomberg \[[@CR113]\]: 9). While RRI can be framed rather instrumentally as the application of several strategies (as does the European Commission with its focus on public engagement, science education and literacy, open access, gender, ethics, governance), it can also be understood as an attempt to foster more general capacities such as *anticipation, inclusion, reflexivity* and *responsiveness* in governance debates about emerging technologies \[[@CR114]\]. What I propose is that analogical imagination and analogical sensibility can enhance these four, often entangled capacities and thus also strengthen actors' orientation towards RRI in significant ways. In the following, I will therefore discuss how analogies may assist in cultivating these capacities and also come up with more practical suggestions for how this could be achieved.

First, as argued in the "Anticipation via Analogy: the Power of Retrospective Prospection" section, analogical imagination can historically ground anticipation processes due to its intrinsic retro-prospective character. Hence, analogical imagination can provide the footing without which anticipation remains a merely speculative, non-contextual undertaking. It also allows actors to learn from past mistakes for the future. At the same time, all involved actors need to be careful not to assume that analogical imagination can be capable of providing clear solutions, templates or guidelines for how to act with regard to highly uncertain emerging technologies. Much rather analogical imagination should be understood as one integral part in the cumulative production of anticipatory knowledge. Second, to unfold its full potential, analogical imagination has to be inclusive, which means that it has to include a broad variety of societal and stakeholder perspectives via engagement and dialogue exercises. Public engagement settings are important spaces in which counter-analogies to the more promissory analogies mobilised by policy and industry actors can emerge \[[@CR37]\]. Facilitators and social scientists then are responsible to bring these alternative analogies and framings into the broader public and policy discourse. If policy makers really seek to implement the inclusiveness that RRI and engagement activities promise, public opinions need to be integrated into governance systems, even if they run counter to dominant narratives of technoscientific progress. Third, analogical sensibility is a necessary ingredient for enabling reflexivity because it allows to see the framing, persuading and performative effects of analogies as well as the ways in which they contribute to myth building and stabilisation \[[@CR115]\]. An understanding of these effects is a prerequisite to strengthen the reflexive capacity of those actors who shape the future of emerging technologies. As Stilgoe et al. (2013 \[[@CR114]\]: 1571) argue, institutional reflexivity "means holding a mirror up to one's own activities, commitments and assumptions, being aware of the limits of knowledge and being mindful that a particular framing of an issue may not be universally held". In this vein, developing analogical sensibility should make actors reflect on the analogies that are "so deeply embedded in the language and traditions of a community of interpretation that the user is not directly aware of them" (Post and Leisey 1995 \[[@CR108]\]: 47). Policy makers, industry and scientific actors who use analogies deliberately to foster their (research) agendas should commit to the responsible use of analogies, which implies the willingness to put one's own analogies up for critical scrutiny. Likewise, citizens participating in public engagement activities should be supported in thinking through existing analogies, in order to gain reflexivity about their constructed nature and power in shaping discourse. This may consequently enable them to come up with alternative analogies, thus practising analogical imagination and developing analogical sensibility can become part of a broader effort towards democratisation in science and technology governance. Fourth and finally, the dimension of responsiveness points to the "capacity to change shape or direction in response to stakeholder and public values and changing circumstances" (Stilgoe et al. 2013 \[[@CR114]\]: 1571). With regard to analogies, responsiveness means to stay open for the new knowledge and positions that co-emerge in an ongoing process of using collective analogical imagination. Responsiveness also requires social scientists to explore how the societal debate about emerging technologies such as nanotechnology changes via the mobilisation of specific analogies and to respond adequately in circumstances where certain analogies may come to dominate by proposing other alternative analogies.

In the year 2018, analogies appear to be no longer centre stage in the political and academic debate about nanotechnology---which may indicate, if nothing else, that nanotechnology has become an established rather than emerging technology. At the same time, many issues with regard to nanotechnology's governance are far from resolved. In order to continue a productive societal discussion about nanotechnology, it can therefore be helpful to use stakeholders' analogical imagination to further explore and anticipate the social and ethical challenges of more specific nanotechnological applications. Perhaps it is time for some new analogies to be born? Following the analogical approach proposed in this article could be one conceivable way through which the conversation could be spurred again.

I use the term nanotechnology here very broadly for all research and development activities that study and/or manipulate matter on the nanoscale (1 to 100 nm).

Analogy and metaphor are closely related because both are based on a comparative process. Hence, they are often treated synonymously in everyday speech and even academic contexts. But it is also important to see their differences: metaphors are figures of speech, whereas analogies refer more generally to the ways in which phenomena are presented to be alike to deduce their likeness in another dimension.

Studies on the press coverage of nanotechnology \[[@CR33]\] and nanoengineering education \[[@CR34]\] have observed that analogies to human hairs, ants, or houses are mainly used to convey the nanoscale dimension.

For more details on such an interactional view in the context of metaphor, see \[[@CR42]\]

This discussion group was one out of four such public engagement events that were conducted in the project "Making Futures Present: On the Co-production of Nano and Society in the Austrian Context" (P 20819, PI: Ulrike Felt) at the Department of Science and Technology Studies, University of Vienna. For more on these discussion groups and their methodology, see Felt et al. \[[@CR45], [@CR46]\].

As a review of the epistemological underpinnings and status quo of scientific risk assessment of nanomaterials shows, a variety of major obstacles render the risk-focused approach infeasible for supporting decision-making and regulation on nanotechnology \[[@CR94]\].

For a detailed exploration of the parallels between the debate about the social and ethical dimensions of nanotechnology and GM food, see Sandler \[[@CR7]\]

This excerpt has been translated from the original German version by the author and proofread by an English native speaker.

This represents a well-known rhetorical move among nanotechnology stakeholders \[[@CR103]\].

This corresponds with an analysis of public meetings among nanotechnology stakeholders in the Netherlands, in which stakeholders from industry and civil society organisations participated primarily to send their messages and to play their attributed roles instead of engaging in a more open two-way dialogue \[[@CR104]\]. A more practical question that arises from such findings is how facilitators may enable collective imagination and open up solidified analogical framings.
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